ABSTRACr The heat shock loci of Drosophila melanogaster chromosome subdivisions 87A and 87C have been studied by using cloned DNA. Both sites contain a number of copies of a 2.4-kilobase (kb) region homologous to mRNA for the 70,000-dalton heat shock protein. In situ hybridization to chromosomal RNA shows that transcripts of this sequence accumulate at both sites after temperature elevation. At 87C there is a 1.5-kb repeated sequence homologous to another heat shock RNA. One cloned segment includes two to three tandem copies of this sequence located 0.8 kb from the beginning of a 2.4-kb message region. RNA complementary to the 1.5-kb repeat accumulates at 87C after temperature elevation, but does not code for any known heat shock protein. In the sibling species D. simulans, there are sequenceslocated and transcribed at 87A and 87C that are homologous to the melanogaster 2.4-kb message sequence. The 1.5-kb repeat, however, is absent from 87C in simulans and no heat shock RNA homologous to it can be detected. Transfer of Drosophila from room temperature to near 370C rapidly activates a small number of characteristic genes and greatly reduces the expression of previously active ones. The response was first noted as the induction of puffs at several sites on salivary gland chromosomes, accompanied by regression of preexisting puffs (1, 2). This is paralleled by reduction or cessation of the synthesis of most preexisting proteins and by induction of vigorous synthesis of several characteristic proteins (3). Polysomes isolated shortly after temperature elevation contain newly synthesized RNA complementary to DNA at the heat shock puff sites (4-6). Its translation in vitro gives the heat shock proteins (7, 8) . The principal protein made at 370C has a molecular weight of 70,000 and is coded by a 2.6-kilobase (kb) message. Henikoff and Meselson (9) concluded from in situ hybridization experiments that this message is homologous to DNA at chromosome subdivisions 87A and 87C, two major heat shock puff sites. They also found that temperature elevation induces the synthesis of additional RNA, homologous to extensive sequences at 87C but not at 87A, as also suggested by Spradling et al. (6). Using cloned DNA, we confirm these conclusions and present a more detailed analysis of sequence organization and transcription at 87A and 87C in D. melanogaster and its sibling species D. simulans.
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MATERIALS AND METHODS
RNA and DNA. Polysomal RNA, polysomal poly(A)-containing RNA, and gel-fractionated 2.6-kb mRNA were prepared from cells cultured at 360C for 60 min or, for whole cell RNA, 9 min (9). RNA labeled in vivo was prepared from cells concentrated 20-fold into 128 mM NaCI/47 mM KCI/19 mM CaCl2/32P04 at 1 mCi/ml (1 Ci = 3.7 X 1010 becquerels) and kept at 360C for 60 min before harvest. RNA was labeled in
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 (20) . Peptides resulting from translation with nuclease-treated rabbit reticulocyte lysate (20, 21) were electrophoresed on 10% polyacrylamide/sodium dodecyl sulfate gels (22) , which were then autofluorographed (23) .
Hybridization In Situ. Tritium-labeled cRNA (9 X 107 dpm/,gg) at about 10 jig/ml was hybridized to chromosomal DNA as previously described (9) the poly(dT) of the dA-dT joint. Considering that 229 was constructed with poly(dA) tails on the 3' ends of the D. melanogaster DNA and poly(dT) tails on pMB9, we deduce the orientation of the 2.4-kb message sequence shown in Fig. 1 . The same logic was used to determine the orientation of the 1.5-kb repeat in 248.
Subelones.-As indicated in Fig. 1 , subclone 229.1 contains the 0.84-kb Bam-Sal fragment homologous to the 3' end of the 2.6-kb message. Subclone 232.1 contains the 1.0-kb Pst fragment homologous to the 5' end of the message. These are termed the 3' and 5' segments, respectively. A copy of the repeated 1.5-kb Pst fragment is subcloned as 232.2 and is termed the 1.5-kb repeat segment. The intervening 0.6-kb HindIII-Xho fragment is subcloned as 248.1 and is termed the interval segment.
Hybrid-Arrested Translation. Plasmid DNA from the subclones was tested by hybrid-arrested translation in order to determine which DNA segments code for heat shock proteins. Hybridization with DNA containing a coding sequence blocks in vitro translation of the complementary message (20) . As may be seen in Fig. 3 , translation with no DNA added shows bands corresponding to the eight heat shock proteins consistently observed on sodium dodecyl sulfate electrophoretic gels (7, 8) .
The other bands can be accounted for by residual synthesis of proteins not induced by heat shock, with the exception of a band at 38,000 daltons that in some experiments is induced by heat shock. Hybridization with plasmid DNA containing either the 3' or 5' segment specifically blocks the synthesis of the 70,000-dalton protein. The simultaneous elimination of the 72,000-dalton protein shows that it is specified by a different but homologous RNA sequence, or that there is a difference in translation or subsequent modification. Heat shock mRNA hybridized to the 3'-segment directs the synthesis of protein in the 40,000-dalton region not seen in the control, as expected if translation is arrested about halfway along the message. This confirms the orientation of the message region deduced above. DNA from subclones containing the 1.5-kb repeat segment and the interval segment has no observed effect on the translation of heat shock RNA. Thus, neither of these sequences appears to code for any of the known heat shock proteins or for any other protein seen on our gels. This is confirmed by the observation that the gel pattern for arrest by 232 itself is identical to that for the message subclone 232.1.
In Situ Hybridization to DNA. As shown in Fig. 4a , the 3' segment subcloned in 229.1 hybridizes strongly at 87A and 87C, as does the 5' segment subcloned in 232.1. After long exposure using nick-translated DNA as probe, both subelones label two additional sites, 87D and 95D. The latter results from partial homology between the 2.4-kb message sequence and the coding sequence for the 68,000-dalton heat shock protein that is specified at 95D (R. Holmgren, R. Morimoto, R. Freund, K. J. Livak, and M. Meselson, unpublished data). As shown in Fig.  4b , the 1.5-kb repeat segment subcloned in 232.2 hybridizes principally at 87C and, less strongly, at the most proximal division of every chromosome arm except 3R and at lOC, 42B, and 102DE, but not at 87A. The interval segment subcloned in 248.1 hybridizes strongly at 87C and weakly at 87A. In the sibling species D. simulans, heat shock puffs occur at the same sites as in D. melanogaster (2) , and the 3' and 5' segments hydridize strongly at 87A and 87C. In contrast, the 1.5-kb repeat segment does not show hybridization in simulans at 87C or at any other location except the proximal divisions labeled in melanogaster. The lack of homology to 232.2 at simulans 87C is nicely shown in Figure 4c by the one-sided labeling of the synapsed chromosomes of a melanogaster-simulans hybrid.
When the 1.5-kb repeat segment is hybridized to nuclei of both species on the same slide, the number of autoradiographic poly(A)-containing heat shock RNA that codes for the 70,000-dalton heat shock protein (6) (7) (8) (9) 26) . The present findings confirm this picture. The 2.6-kb message is homologous to a 2.4-kb sequence, internal subclones of which hybridize at both sites. Also, hybridization of heat shock RNA with these subclones specifically blocks translation in vitro of the 70,000-dalton heat shock protein. Essentially the same findings have recently been reported by Schedl et al. (27) . The presence of at least two copies of the message sequence at 87A and at least three at 87C, consistent with the differences found in the maps of our five plasmids, has been shown by restriction analysis of DNA from wild-type flies and flies lacking the 87C heat shock locus (K. J. Livak and M. Meselson, unpublished data). The hybridization in situ of message subclones to chromosomal RNA at 87A and 87C indicates that heat shock induces transcription of the message sequences at both sites. In the sibling species D. simulans, the same picture obtains, with sequences homologous to the melanogaster 2.4-kb message region located and transcribed at simulans 87A and 87C.
Earlier studies with melanogaster had also shown that there is heat shock RNA that hybridizes to extensive sequences at 87C but not at 87A, even in the presence of a large excess of competing 2.6-kb message (9) . In the present study we find a 1. vitro from the cloned repeat competes away nearly all hybridization by heat shock RNA at 87C (S. Henikoff, unpublished data). An analogous situation may exist in D. hydeii, in which the heat shock locus at 2-48BC hybridizes with two classes of RNA, only one of which is thought to be message (28) .
Because the 2.4-kb message sequence and the 1.5-kb repeat represented on 232 are oriented in the same direction with respect to RNA polarity, they could belong to the same transcription unit, a possibility consistent with the accumulation at 87C of heat shock RNA homologous to the interval segment subcloned in 248.1. This subclone, unlike 232.2, has homology to RNA that accumulates in response to heat shock at both 87A and 87C in melanogaster and in simulans. The Drosophila sequences cloned in 232.2 and 248.1 appear not to code for protein because they are not homologous to the 2.6-kb message and are not found to affect in vitro translation when hybridized to heat shock RNA. Our finding that the 1.5-kb repeat does not code for any known heat shock protein accords with the suggestion that its transcripts may perform a regulatory function (9) . However, in simulans, the closest known relative to melanogaster, the 1.5-kb repeat sequence is absent from 87C and no transcripts of it are found at any site. This may mean that the 1.5-kb sequence has no function or that it performs a function missing in simulans but possibly of selective value to melanogaster. Alternatively, a quite different sequence may serve an analogous role in simulans. Whether or not the 1.5-kb sequence performs an adaptive function, its evolutionarily rapid introduction at 87C in melanogaster or its removal from that site in simulans may reflect a general process for producing diversity.
